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NOTATIONS 
(J O 
= Constant applied stress 
(J { t) = Applied stress at particular time 
e: 0 
= Constant strain at time = 0 
e: ( t) = Strain at any given time 
t = Time 
J (t) = Creep compliance 
G (t) = Relaxation modulus 
E1,E2 = Spring moduli: 
n2 = Viscosity of the dash pot 
2 
= Relaxation time characterizing standard 
13 = Ratio of spring moduli El 
E2 
1/; (t) = Normalized creep compliance 
w = Frequency in radians/sec. 
a Phase angle 
E* (i w ) 
I 
E ( w) 
II 
E (w ) 
tan a , d, d2 
y* (iw ) 
I 
y {u.l ) 
II 
(w ) 
= 
= 
= 
= 
= 
= 
= 
Complex modulus 
Real part of complex modulus 
Imaginary.part of complex modulus 
Loss factor 
Complex compliance 
Real part of complex compliance 
Imaginary part of complex compliance 
linear solid 
R = Frequency Multiplied by relaxation time i.e. w TZ 
2 R.. = Flaw size 
G( a,£) or G= Energy release rate 
A. = Inherent opening distance 
Ge = Onset of rapid fracture threshold 
� = Initial length of the crack 
n = Ratio of 0
2 . . 2 cr1 t: and O applied 
a = Ratio of A./ £0 
-1 � = Inverse creep compliance function 
t** =Life time or delay time 
Fn = Frequency at resonance 
m, m1, m2 = Sample masses per unit length and unit width 
B, B1 = Bending stiffness 
h1, h2 = Thickness 
X = Ratio of thickness hz 
hi 
A = Ratio of elastic modulii Ez 
? 1 
Fn = Frequency width at 0.707h 
h = Height of peak amplitude of vibration 
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CHAPTER I 
The increasing interest in technological use of polymers over the 
last two decades has attracted many scientists and engineers tct study: -
its· mechanical properties. Polymers are materials to be used equally 
for an endless variety of purposes. In polymeric systems, mechanical 
behavior is dominated by viscoelastic phenomenon. Investigation of 
viscoelastic properties of polymers has been greatly stimulated by 
the practical importance of mechanical behavior in the processing 
and utilization of rubbers, plastics, and fibers. As a result, a 
very high proportion of all studies on viscoelasticity in the past· 
two decades· has been devoted to the viscoelasticity of polymers. 
Although an extensive empirical knowledge has been built up 
concerning th� use of these substances, the physics of their 
properties h2s not been dealt with extensively. Apart from the 
problem of correlating chemical structure with mechanical behavior, 
there is much to be done in understanding such vitally important 
phenomena as structural failure or fracture. Unlike crystalline 
materials, polymers hflve a much more complicated morphology and, 
what is more, the morphology can change whilec the specimen is subjected 
to forces that lead to crack formation, propagation of cracks and 
ultimately complete failure. Although the viscoelastic properties 
of polymers have been investigated quite extensively by many previous. 
investigators, yet the knowledge of fracture growth process and its 
relationship with material characteristics are inadequate� 
The research reported in this thesis is undertaken with the 
following objectives: 
2 
1. To determine the viscoelastic properties of polymers on creep 
test under constant load; 
2. To determine the internal friction (loss factor) of polymers 
under periodic loading condition; 
3. To determine the delayed time or life time on fracture of 
the polymer under const�nt loading ; and 
4. To verify the relationship, theoretically predicted, between 
the time to fracture and the material characteristics of the polymer 
with experimental observations. 
CHAPTER II 
REVIEW OF LITERATURES 
2. 1. Historical background 
During the middle part of the n ineteenth century the knowledge of 
viscoelast ic ity first came into the limelight. MaxweJL ( 19) was among 
the first to d iscuss quantitatively the viscoelasticity of matter. 
He observed that substances such as pitch or tar could be regarded 
neither as ideal elastic solids nor as viscous l iquids, but seemed 
instead to partake of the character of both. He published two papers, 
one in 1867 and the other in 1890, to establish the first theoretical 
viscoelastic model to explain this type of behavior. The development 
of the theor ies of linear viscoelasticity was first made by 
Boltzmann (6) and Wiechert ( 26). Boltzmann (6) introduced the idea 
of superposition principal in 1876, which was used in the form of 
integral equations in linear viscoelasticity. 
A different ial formulation of linear viscoelasticity behavior 
particuLarly apt for describing stress-relaxation experiments was 
f irst presented by Wiechert (26) in 1893 as a generaliiation of 
Maxwell's equation. Another differential formulation of linear 
viscoelasticity behavior particularly apt for describing the creep 
experiments was first presented by Voight (25) in 1899 as a 
generalization of Voight-Kelvin formulation. The applicability of 
the Wiechert model s pecifically to the mechanical behavior of polymers 
was indicated by Kuhn in 1939 ( 15) and shortly thereafter developed 
by Simha (22) in 1942 and many others. The generalized Voight model 
to explain creep of polymers was used by Aleksandrov and Lazurkin ( 1) 
as early as 1940. 
The integral equation of Boltzmann and the differential 
formulations of Wiechert and others· were-creatively reviewed by 
Leadermann (16) in 1943. Leadermann carried out some very . 
careful experiments to check the validity of Boltzmann's equation 
of superposition principle for rayon, silk, nylon 66 and mohair, all 
oriented crystalline fibers. He found marked deviations from the 
Boltzmann principle under many experimental conditions. It was 
established that the Boltzmann principle could apply to these solids 
only under special conditions, such as very small loads, and at 
temperatures where crystallization does not occur at an appreciable 
rate. On the other hand, it was found that the Boltzmann principle 
holds true for all amorphous polymers. 
The generalized mathematical structure of linear viscoelasticity 
4 
is discussed by Sips (23) and very thoroughly developed by Gross (10). 
Many experiments were performed to check the validity of the theoretical 
models and to establish the relationship between the measured experi­
mental data and the theoretical formulations. Distribution of 
relaxation time from stress-relaxation data was first proposed by 
Alfrey (2) only with first approximations. Second and higher 
approximations were proposed by Ferry and Williams (7), Andrews (3), 
and Schwarzl and Stavermann ( 21). The construction of the retardation 
spectrum from the measured creep data was suggested by Stavermann and 
Schwartzl (24). Lee ( 17, 18) and Bland (5) have contributed greatly 
towards the solutions of stress analysis problems of viscoelasticity. 
All forms of fracture are involved with the initiation of cracks 
and their propagation through a material. Inglis _(12) was among 
the first to study the elastic distributions around a crack of 
eliptical bounding surfaces, in 1913. Griffith's hypothesis (9) of 
5 
a brittle fracture, published in 1921, was one of the most outstanding 
contributions in the area of fracture mechanics. The study of the 
fracture processes in metals was a very attractive area of research for 
many investigators due to the important technological use of the 
materials. During the last decade, the study of fracture processes 
in polymeric materials became a prominent area of research 
for many scientists and engineers. The earlier works by Williams (27), 
Schapery and Williams (20) and Knauss (13,14) describing the delayed 
fracture in polymers as applied to the theory of linear viscoelasticity 
was quite remarkable. The work of Wnuk and Knauss (28) on delayed 
fracture in viscoelastic-plastic solids was noteworthy. 
The fracture behavior of polymers has been studied both 
experimentally and analytically under different histories of loading 
by many previous investigators. For certain limiting pure conditions, 
one of the most essential works accomplished by Wnuk (2 9) in his "Naval 
Research Project" was the evaluation of the rate of propagation of 
fracture in its subcritical stage of growth. In polymeric 
maferials the stress maintained at constant level is sufficient 
to propagate the stable crack. A theoretical prediction is made by 
Wnuk (2 9) in his "Naval Research Project" concerning the delay time 
of viscoelastic solids on fracture which correlates the delay time 
or life time with the creep function. Experimental study on delayed 
fracture of polymers is still inadequate. The primary objective of 
this investigation is to verify experimentally the validity of the 
theoretical formulations on delay time of polymers. 
2.2. Outline of the thesis. 
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S ilicone rubber and solithane (50/50), two rubbery type polymers, 
are selected for the experimental study. In Chapter III, the 
theoretical formulation on the viscoelastic properties and fracture 
growth process are discussed. A viscoelastic model (Fig. 1) for a 
standard linear solid is selected to develop the theoretical 
formulations. The response of the model (Fig. 1) under constant load 
and periodic load is formulated in terms of material properties. 
The theoretical formulation for the delayed fracture in viscoelastic 
materials is derived using the equation furnished by Wnuk (29) •. 
The theoretical correlation between the viscoelastic properties and 
delay time or life time of the viscoelastic material is established 
(3.3.6). 
In chapter IV, the experimental set up and test procedure are: 
d iscussed in detail for the creep .test, vibration test, and the test 
on delayed fracture. The experimental results are compared with the 
theoretical formulations and are discussed in Chapter V. First, the 
response of the materials, observed from the creep test and vibration 
test, is compared with the theoretical formulations of the model. The 
actual behavior of the materials, as observed through tests, clearly 
indicates the validity of theoretical formulations of the model. 
From the test on delayed fracture the observed life t imes for 
solithane (50/50) under different loads are plotted and are compared 
w ith the theoretical values, establishing the validity o f  the 
equation (3. 3. 6). The viscoelastic properties of  s ilicone rubber, 
and solithane (50/50), obtained from the reduction of creep data 
by Stavernann and Schwartzl's method,are d iscussed. 
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In the last chapter, the essential points of the results are 
summarized and the conclusion of the entire investigation is presented. 
CHAPTER III 
THEORETICAL ANALYSIS 
3.1. Superposition principle in linear v iscoelasticity 
In all linear viscoelastic materials Boltzmann's (6) superposition 
principle could be applied. Boltzmann's principle in the form of 
hereditary integral is 
t 
e: ( t) cr0 J{t) + 5
0 
J(t-t') 
cr(t) = e:0G (t) + 5
0 
G (t-t') 
dcr (t 1) dt 1 
dt J 
de: (t') dt' ' 
dt l 
(3.1.1) 
where e: (t) denotes the strain at any g iven time, a0 is the suddenly 
applied stress at time t = 0, J (t) is the creep compliance, cr(t) 
denotes the stress at any given time and G (t) is the relaxation modulus. 
The above equation (3.1. 1) shows that the strain at any given time and 
the stress at any given time depend upon the entire stress history and 
the entire strain history respectively (8). 
In the case of suddenly applied constant stress at time t = 0 and 
for the constant strain imposed at t ime t = O, the above equation 
(3.1.1) is reduced to 
E{t) = a
0 
J (t) 
(3 .1. 2) 
cr (t) = e:0 G (t) 
Taking the Laplace transform of the equation (3. 1.2), the following 
relationships are obta ined. 
o(p)= pG (p) • °£' (p) 
E (p)= pJ (p) • cr (p) 
(3.1.3) 
From the equation (3  . 1. 3) we obtain the relation 
j(p) . G(p) ---
Or, when p --7 t 
)
0 
J (t-t') G (t 1 ) dt' = t 
3.2. Formulation of the theoretical model 
a. Response under constant load:-
( 3. 1.4) 
(3.1.5) 
A viscoelastic model (Fig. la) in which a spring and a Kelvin 
element are in series is selected. The constants E1,E2 and n2 are the 
modulii of the sp·cings and viscocity of the dashpot respectively. 
Stress a is the uniaxial tensile stress applied to this element. Due 
to this tensile stres� the extension of the spring (B) and the dashpot 
(C) will be the same at all times. The extension of the spring (B) or 
dashpot (C) and the spring (A) are e: 2 and e: 1 respectively. The total 
stress a will be split into a 1 and a 2 for the spring ( B) and the 
dashpot (C), respectively, in whichever way it is necessary to make e: 2 
the same. On applying Hooke's law and Newton's law, the following 
relations are obtained: 
But 
So 
a 1 = E2 e: 2 
02 = nz e:2 
a = a 1 + a 2 = E2 e: 2 + ·n 2 e: 2 
El e: 1 
= Ez e: 2 + n 2 e: 2 
For constant loading, we let a == a 
O 
• 
(3.2.1) 
Dividing the equation (3.2.1) by Ez and substituting the conditions , 
1 . e: == e: 1 + e: 2 and 2 . e: == �2 (since �l == O) the following first 
order ordinary differential equation is obtained 
• 1 e: +-- e: 
T 2 
= 
10 
(3. 2. 2) 
On solving the equation (3. 2.  2 )  for e: (t) with the boundary condition, 
at t :::: 0, e: (o) _ _£...E , the equation for creep compliance is obtained 
El 
as 
J (t) = E (t) = _1_ '1 + {3 ( 1 - e-t/ T ;;-1 
cr o E1 L ..J 
(3. 2. 3) 
where e = _fil 
E2 
T 2 = -2i£ and J (t) is the creep compliance. 
E2 
The equation (3. 2.3) is divided by J (O) to obtain the normalized 
creep compliance function as 
( ) ,/,-'\ 1 + (1 ._
t/ T 2 ipt =.!Lili= S - e ) 
J (O) 
After substituting the conditions, 1. t = 0 and 2. t = co 
equation (3. 2 . 3) ,  the following relations are obtained. 
J (O) = _l_ 
El 
J(ro) = 1 
E� 
1 1 
=--+--
E1 E2 
(3. 2. 4) 
into the 
(3. 2. 5) 
From the equation (3. 2.5) ,  it is clear to note that spring (A) is only 
effectiv1: initially, i. e. at t = 0, while at large time, t = --)co , 
the springs (A) and (B) are both effective but not the dashpot (C) . 
The creep response of this theoretical model is presented by a graph 
(Fig. 2) of normalized creep compliance against the non-dimensional 
time ti T 2. 
b. Response under periodic load:-
Let the theoretical model be subjected to periodic load (Fig. lb), 
n 
s inusoidally oscillating force of  frequency f cycles/sec. or w ( w = 2 7T f) 
in radians/sec. The stress and the strain components due to the periodic 
loading is 
CJ = 00 Sin wt 
(3. 2 .  6) 
E = E o Sin (w t-u), 
where a. is the phase angle (Fig. 3a) . 
To achieve a general ization of viscoelastic behavior the equation 
(3. 2. 6) is expressed in a complex form as 
a* = a el wt 0 
6* = . · i( w t- c�) e:0 e 
(3. 2. 7) 
From the equation (3. 2. 7), the complex modulus is expressed in the form 
of complex quantity as 
I II 
= E (w ) + i E 
I II 
( w)' (3.2.8) 
where E ( w) is the real part and E ( w) is the imaginary part of  the 
complex modulus. From the vector diagram (Fig. 3b) , the relationship 
between the phase angle and the components of the complex modulus is 
established as 
II 
tan a = E ( w) 
E 1 ( w) 
Since the compliance is inverse of  the modulus, the complex is expressed 
as 
y* ( i w) 
E* (iw) 
y* (iw) =Y
1
( w) - i Y ( w) , 
" (3 .  2. 9) 
where Y' ( w) and Y"( w) are the real part and imaginary part of the 
complex compl iance, respectively. From the vector diagram (Fig. 3c) 
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the following relationship is obtained: 
tan et = Ell ( w) = 
E' ( w) 
Y" ( w) 
Y' ( w) 
(3.2.10) 
The relationship between the components of the complex compliance 
and the matetial characteristics of the model has been formulated by 
Bland (4) as follows: 
(3.2.11) 
Y 11 ( W) = _1 __ 
WT] 2 
After some mathematical manipulations,the relationship between the loss 
factor and the material characteristics of the model is obtained as 
tan et y11 ( W) E1/E2 • t.u't 2 = = 2 ' Y' ( W) 1 + w2T + E1/E2 2 
(3.2.12) 
or, tan. a. 8 R = 13 R2 1 + + 
where R = WT and 8 = E 1 /Ez·· 2 
The graph (Fig. 4) or tan a. against WT2 is drawn with different values 
of 8 to show the variation of the loss factor with frequencies. 
From the theoretical graph (Fig. 4) it is observed that the value 
of the loss factor increases at low frequency and attains a maximum 
value and goes on decreasing from then on. Since the frequency is the 
function of time, the variation of the loss factor w ith the frequency, 
represented by the graph (Fig. 4), clearly explains the characteristics 
of the viscoelastic material (Fig. 1). Initially, for short time, 
the loss factor increases due to the effectiveness of the dashpot and 
as the time increases the dashpot becomes less effective. The result 
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obtained from this graph (Fig. 4), verifies the validity o f  the response 
o f  the model under constant load (3. 2.5). 
Differentiating the equation (3.2.12) with respect to R and 
equating to zero, the following result is obtained. 
O r, 
d(tan a) 
dR 
Since f3 :fa O , 
1 + f3 - R2 = 0 
R = Vl ·+- S 
= B(l + S - R
2) = Q 
(1 + S + R2)2 
(3.2. 13) 
The equation (3. 2. 13) gives the maximum value of  tan et at  the partici..1la.r 
value o f  R. 
3.3. Delayed fracture in a viscoeiastic material 
The equation governing subcritical crack growth, using the energy 
criterion of  Irwin, for an elastic-plastic or visco-elastic material 
is derived in the form of a nonlinear dif ferential equation by Wnuk (29). 
The equation is 
where R/2, is the slow growth operator, G is the energy release ra te, 
A is inherent opening distance and £ is the rate of  growth. 
I t  can be assumed that all physical non-linearities are confined 
to a small region located at the tip of a crack. In the case of  a 
linear viscoelastic solid it can be argued tha t the viscosity alone 
is controlling the slow motion of  a subcritical crack and thus the 
equation (3.3.1) is reduced to a simple form, neglecting the opera tor 
£e, as 
2T2t54 
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iµ (A Ii ) G (  cr , £) = Ge (3.3.2) 
The equation (3.3.2) is further simplified after, some mathem3.tical 
manipulation, to 
,; (Alf ) = (1:- r. (t) =: 
(3.3.3) 
where n = cr crit. \
2 x fl 
cr applie9 i 
= ¥o /) is the initial length of  the ' Jt.o 
crack and f is the length o f  the crack at any particular time. 
Multiplying iµ 
-1 
by the equation (3.3.3) the following relationship 
results. 
-1 
!}; (n/x) (3.3.4) 
The equation (3. 3 .4) is further simplified and is written in the form · 
o f  a 4ifferential equation o f  motion as 
-1 
(n/x) (3. 3.5) Ct iJ; ' = 
x 
where a. = A;f 0 
Solving the equation (3. 3. 5) and integrating, the following relation 
is obtained 
(** 
n -1 a dt = £ iJ; (n/x)dx (3. 3. 6) 
n -1 
Or, t** =L J. iJ; (n/x)dx, a l 
where t'id( is the life time or de lay time. 
The desired life time can be computed directly by converting the 
data into a digital form and applying the IBM program mentioned in 
Appendix II. 
4. 1. Creep test 
CHAPTER IV 
EXPERIMENTAL SET UP AND PROCEDURE 
a. Experimental set up 
In order to describe the viscoelastic properties of a polymer, 
the creep test is performed under constant stretching force. The 
polymer of desired size is mounted on a rigid vertical tensile-tester 
used for the creep test, and firmly clamped at both ends. The bottom 
clamp is bolted with a brass rod. The other end of the brass rod is 
fixed to a square plexiglass plate which is fixed to the transducer 
rod. A linear displacement transducer {Daytronic-model DF 160) is 
clamped on the tensile tester in proper position (Fig. 5). 
The secondary terminals of the t.:ransducer are connected to the 
signal input terminals of the digital voltmeter {Dana-Model 5500).  
Two primary terminals of the transducer are connected to the audio 
oscillator (Hewlett-Packard Company-Model 200 AB). The connections 
are made through the analog output terminals of the digital voltmeter 
to the X-Y recorder. The main terminals of the oscillator, digital 
voltmeter and the X-Y recorder are connected to a multiple switch box. 
Finally, the main terminal of the switch box is plugged into the main 
supply source (Fig. 5). 
b. Experimental procedure 
The oscillator and the digital voltmeter are switched on and 
the secondary terminals o f  the transducer are disconnected from the 
digital voltmeter. A primary supply� of 10 volts at 3000 cycles per 
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second to the transducer is adjusted through the oscillator and the 
voltage is checked in the digital voltmeter. The secondary terminals 
are connected back and the X-Y recorder is switched on. The transducer 
is moved up and down and clamped in the positiori when the voltage 
in digital voltmeter shows very·near to zero. It is very important 
to check that the pen of the X-Y recorder moves only upwards when a 
load up to 0.27 lbs. is applied on the plexiglass plate. Automatic 
rectification of the alternating current to the direct current is one 
of the greatest advantages in using the digital voltmeter (Dana-5500). 
Thus, the X-Y recorder opera:tes on direct current when connected to the 
analog out put terminals o� the digital voltmeter. 
A graph paper is placed properly on the X-Y- recorder. The 
linearity of the material is first tested by applying loads up to 
0.27 lbs. (Fig. 6a, 28a) . A fresh specimen is used to test the creep 
of the material. The X-Y recorder is set in proper position and started 
just before putting a very small weight instantaneously on the 
plexiglass plate. Due to the suddenly applied loaq the material 
elongates to a certain extent instantaneously and then deforms slowly 
with respect to time. The recorded creep graphs of solithane (50/50) 
and silicone rubber are shown in Figures 6c and 28c respectively. 
A fresh specimen is used again to test the recovery of the material 
when the load is removed suddenly (Fig. 6b,28b). 
4.2. Vibration test 
a. Experimental set up 
In order to measure the internal damping of the polyme� the 
vibration test is performed under periodic load (Sinusoidally 
oscillating force) .  The complex modulus apparatus (B&K-'fype 3930) 
is primarily used for this test . The connection is made from the 
electromagnetic transducer model (MM 0002) of the complex modulus 
apparatus to the audio oscillator and from the oscillator to an 
electronic counter (Hewlett and Packard company-Model 5226) . The 
capacitive transducer (MM 0004) of the complex modulus apparatus is 
conne cted with the frequency analyzer (B&K-Type 2107) . The 
oscillator . is used as a source of excitation and the electromagnetic 
transducer is used as a vibration exciter.. The capacitive 
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transducer is used as a vibration sensitive pick-up and the frequency 
analyzer is used to measure the amplitude of vibration (Fig . 1 1).  
b .  Test procedure 
The material is glued to a thin duraluminium strip . A Small 
circular metal disc is glued to the other side of the ciuraluminium 
strip at one end . The combined bar is clamped on the complex 
modulus apparatus . The audio oscillator is used for varying the 
frequency and the exact frequency, accurate up to 
one place of decimal, is read from the electronic counter. The 
corresponding amplitudes of vibration are recorded along with the 
frequencies . The different resonant frequencies and the corresponding 
peak amplitudes, for a particular free length, are recorded carefully. 
Since the resonant frequency is porportional to the inverse square of . 
the free length, differen t  resonant frequencies and ·the ir 
corresponding peak amplitudes are recorded by varying the free length 
of the sample bar . The frequency response curves at different resonant 
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frequencies for solithane (50/50) glued w ith duraluminium strip are 
shown in Figures 12, 13 , 14, 15 and 16: The frequency response curves 
for silicone rubber glued with duraluminium strip are shown in F igures 
33, 34, 35 , 36, 37 and 38 . 
4 . 3 .  Test on delayed fracture 
a .  Experimental set up . 
The specimen is clamped at both ends f irmly on a vertical frame­
work of rods fixed rig idly to a table . A .  hook is attached to the 
bottom clamp . A smal i metal plate is clamped to the table such that 
one end Of the plate lies vertically below the bottom of the hook . 
The connections are made from the trigger input stop terminal of the 
electronic counter to the hook and to the battery . A connect ion is 
made from the metal plate to the battery . Two 6- volt batteries are 
used in series to supply 12  volts . One cable is connected to the 
trigger input start terminal of the electronic counter and is kept 
open (Fig . 10). 
b .  Experimental procedure 
A crack of half an inch (approximately) long is made at the 
centre of the material. A small plastic scale is glued just above 
the crack in order to measure the crack length accurately up to 
0 . 005 inch . A Filar Micrometer Microscope ( Gaertner) , which is 
accurate enough to read up to 10-4 of an inch, is set in front of 
the specimen . The desired weight is placed on the hook and the counter 
is started right at the moment of p lacing the weight on the hook . 
The counter is adjusted such that it reads every second and can read 
up to 99, 999 seconds . The crack l�ngth at different times are read 
through the microscope. The arrangement is made so that the counter 
stops instantaneously as soon as the weight along with the hook 
touches the metal plate placed just below the hook. On complete 
failure or fracture of the material the desired delay time or l ife 
time is recorded from the counter, accurate enough to a second . The 
rate of growth of the crack for sol ithane (50/50) at different 
loads are shown in Figures 18, 19 and 20. 
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CHAPTER V 
RESULTS AND DISCUSSION 
The results, obtained from the experimental studies on 
solithane (50/50) and s ilicone rubber, are considered for discussion . 
The sim ilarity between the graphs of normalized creep compliance 
against t ime (Fig. 7b) of solithane (50/50) and that of the theoretical 
model (Fig. 2) verifies the behavior of the polymer to be the same as the 
model (Fig . la) under constant stretching force. The recorded recovery 
curve (Fig. 6b) of solithane (50/50) further clarifies the validity 
of the model . Viscoelastic properties of solithane (50/50) obtained 
from creep observation (Fig. 7a) are as :follows : 
Instantaneous creep compliance J
0 
= 1. 505 X 10-4 in2 /lbs . 
Creep compliance in equilibrium Joo = 4. 22 X 10-
4 in2 /lbs. 
E1 = 6. 65 x 10
3 lbs / in2 
E2 = 3 . 69 x 10
3 lbs/ in2 
8 = 1 . 80 
The details of the creep observation of solithane (50/50) are 
presented in Tab_le 1 . ,  The retardation spectrum is constructed using 
Stavermann and Schwartz ' s  method ( 24) . The creep compliance 
J (t) = E (t) as a function of £nt is plotted (Fig. 8) and then a 
d ifferentiated graphically plotting the deviations against gn,. The 
first approximatio n of this spectrum is shown in Figure 9. From the 
Figure 9, it is observed that the retardation times spectrum extends 
over orders of en with one maximum in the time ' 2 = 0 .37 second. 
2 1 
From the vibration test on solithane (50/50} the internal damping 
of the material is analyzed under sinusoidally oscillating force . 
The internal damping of the material is observed under different 
frequencies . The detai ls of formulation involved in calculating the 
internal damping from frequency response curves are furnished in . 
Appendix ·I . The experimental curve for internal damping in soli thane 
(50/50) (Fig . 17b) is compared with the theoretical · one (Fig . 17a), 
ta�ing into . consideration the actual value of s (E1/E2 = S = 1 . 80) 
of the material . The fol lowing result is obtained from the vibration 
test of solithane (50 /50) . 
Maximum value of internal damping (experimental) at frequency 
3 12 cycles/sec . = 0. 572 
Theoretical maximum value of internal damping of the model 
( Fig . lb) is found to be 0 . 530 (Fig . 17a) . 
The details of the experimental observations on the vibration 
test of solithane (50/50) are furnished in Tables 2 and 3. The actual 
behavior of the material under sinusoidally oscillating force, observed 
from the internal damping curve, is found to be similar to that of the 
theoretical model under periodic load (Figs. 4, 17a) . 
The test on delayed fracture of solithane (50/50) is performed 
mainly to check the validity of the theoretical fonnulation. The rate 
of growth of the crack under different constant loads are shown in 
Figures 18, 19 and 20. From the Figure 2 1, the following results are 
obtained. 
Critical weight We = 13 lbs . 
Critical stress o c  = 43. 33 lbs. /in2 
Threshold weight = 3 . 0  l bs. 
Threshold stress = 10 lbs . /in2 
The details of the e....'Cper imenta l observations for the test on 
de layed fracture of solithane (50/50) are furnished in �able 4 .  
A computer program is prepared (Appendix-II) to calculate the life 
22 
times under different constant loads . The input values for the program 
are taken from the experimenta l curve {Fig . 22) . The results obtained 
f rom the computer program. are furnished in Table 5 .  From the graph 
(Fig. 23) it is observed that the experimental curve and that of the 
IBM program (using experimental date) are very similar. 
F rom the Figure 2 3 the following results are obtained . 
CL = 10-2 . 7 
A =  2. 25 X 10-J . J  inch 
The details regarding the calculation of a and L::i. from the test of 
delayed fracture are furnished in Appendix IV . 
The IBM program (Appendix II)  is further checked by co�paring the 
theoretical equation, developed by Wnuk (30), and that of the model. 
In the project report of Wnuk (30),  the critical time is given as 
t�'(* 
T 2. [: fln n - (1 + s - n) Un s _ J  -· a ( 1  + n ) 1 + S 
(5 . 1. 1) 
O r  ' !:kt.'. = 1 j
n
en u - (1 + s - n) fn s 
-J . 2 a o  + s ) L..... 1 + (5 . 1. 2) 
The normalized c reep 
il{t) = 1 + S � -
comp liance of the model given by the formula 
- t /T:, e j is taken as the input (Fig . 2) of the 
program. With the same value of CL and S the two curves are observed to 
match well (Fig. 24). In the Figure 25 the theoretical curve, based 
on equation (5. 1 .  2) ; is compared with the IBM program (Appendix-II) 
curve, taking the experimental �, curve of solithane (50/50) as· input. 
t -
The equat ion for crack motion furnished by Wnuk (30) is g iven as 
x s  + --n-
(1+ S )x-n l+ S 
fn (1+ B)x-n + fn 1 + S · 
l+ S -n S 
23 
(5 . 1 . 3) 
Conside
: �
n
[
g t
: 
to be zero 
t _ a. x ,tn x S 
· ;;- -
-( 1+ S) x-n 
the equation (5 . 1 . 3) is reduced to 
+ _!!__ 
l+ s 
fln �l+ 8)x-n + fn 1 + S 
1 + S - n S 
(5 . 1 .4) 
Another IBM program is developed (Appendix III) to obtain the curves 
for crack motion with different values of n .  The curves for crack 
motion of the theoretical  model is first tested through the program 
w ith n = 5 and n = 4 (Fig . 26). W ith the same values of  a , S and n , 
the theoretical  curve, obtained from the equation (5 . 1. 4), is compared 
with model . The validity of two IBM programs are verif ied to b e  
satisfactory (F ig . 25-27) . 
Creep tests, as we l l  as vibration tests, have also been performed to 
observe the v iscoelast ic properties o f  si licone rubber. From the 
creep observation (Fig. 28c) of  silicone rubber, the normal ized creep 
compliance graph (Fig. 30) is compared with that of theoretical  model 
(Fig. 2) , The behavior of the polymer is established to be the same as 
the model under constant stretching fore� by observing the similar ity 
of Figure 30 and Figu:i:e 2 and also by looking at the recovery graph of  the 
material (Fig. 28b). The fo llowing viscoe last ic properties are 
obtained from the creep observat ion of sil icone rubber (F ig. 29). 
Instantaneous c reep compliance J0 = 1 .415 X 10
-4 in2/lb . 
Creep c ?mpliance  in equilibrium Joo = 3. 120 X 10-4 in2/lb. 
E1 = 7. 07 X 10
3 lbs. /in2 
E
2 
= 5. 86 X 103 lbs. /in2 
S = 1 . 205 
The details o f  the creep observation of silicone rubber are furnished 
in Table 6. 
The compliance distribution is obtained for a range o f  retardation 
times. This function, cal-led the ' 'logarithmic spectrum of 
retardation times" and denoted by L( £nT ) , is given by the formula : 
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:+-eo 
E(tl = _l + ( L (  in T ·) (l - e
-t/ T )d ( l.n _T ) . (5. 1. 5) 
a E )_e,o 0 0 
Stavermann and Schwartz's method (2L,) is used to construct the 
retardation spectrum. The creep compliance J (t) = E(t), as a 
0 
function of Qnt, is plotted (Fig. 3 1) and differentiated graphically 
plotting the deviations against fn T . The first approximation of this 
spectrum is shown in  Figure 32. The following result is obtained 
from the retardation spectrum . 
The retardation times spectrum extends over orders of  e n with one 
maximum in  the time T 
2 
= 0. 8 18 second .  
So nz· = Ez 1i 
2 
= 4 . 8 X 103 lbs. / in2 . 
Stavermann and Schwartz ' s  method in constructing the retardation 
spectrum is used by Halaunbrenner and Kubisz (ll) in their investigation 
o f  finding the viscoelastic properties of  Epoxy Resin P52. 
The vibration test is performed on silicone rubber to measure the 
i nternal damping of the material under different frequencies. The 
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experimental graph (Fig. 39b) of  internal damping of  the material 
under different frequencies is compared with the theoretical one, 
considering the actual value of 8 (E1/E2 = 8 = 1.2 05)  of the material . 
The following result is obtained from the vibration test of silicone 
rubber. 
Maximum value of internal �amping at the frequency 309 cycles/ 
sec. = 0. 431 . 
The theoretical maximum value of internal damping of the model 
(Fig. lb) is found to be 0. 407 . (Fig. 39a) . The details of the 
experimental observation of the vibration test on silicone rubber are 
furnished in Tab les 7 and 8. The actual behavior of the material under 
sinusoidally oscillating force is observed to be similar to that of 
the theoretical model under periodic load (Fig. 4, · 39a) . 
CHAPTER VI 
CONCLUSIONS 
From the experimental ob servations gathered in testing the properties 
of solithane (50/50) and silicone rubber it can be said that these 
polymers would behave at . room temper�ture similar to the theoretical 
model based on  the standard linear solid. The material properties of the 
polymers might change though, if te.sted at d ifferent temperatures . The 
fracture behav ior of solithane (50/ 50) observed through the experiment 
obeys the theoret i ca l  equation of crack motion and the equation for 
critical time . The essent ial resu lts  are listed below . 
The equation of mot ion is g iven a s : · 
adt = f 
1 
-1 ljJ (n/x) dx • 
The equation for critical time is g iven a s : 
n -1 1jJ (n/x) dx , 
(6 . 1 . 1) 
(6 . 1 . 2) 
where ijJ (t) denotes the normalized creep comp liance , t is time , x is the . 
ratio of the current crack length to its initial value and n incorporates 
2 the app lied load cr and the Griff ith load crc , n= (crc/cr) . The structural 
parameter a is proportional to 'the opening "quantum 1 1  and it is material 
property . The conclu s ions regarding fracture behavior of the polymer are 
va lid only at room temperature. The fracture characteristics  of polymers 
might change if test is run at a different temperature . One could extend 
the theory for a different range of temperatures, if the WLF shif t  of the 
creep comp liance function is taken into account. 
APPENDIX I 
h 
Frequency 
From the frequency response curve shown above, the peak amplitude 
and the resonant frequency are recorded . The internal damping is 
expressed by the formula 
d = tan a = i.'lFn 
Fn 
where a is the phase shift caused by the friction, Fn is the 
( 1 )  
frequency at resonance and h. Fn is the frequency width at O. 707 h, 
where h is the height of the peak amplitude. 
When the intr insic characteristics of  the polymer are to be 
derived from the measured characteristics of  a combined sample such as 
duraluminium strip glued with silicone rubber or solithane (50 /50) , 
the follow ing formulas are used. Quantities with suffix 1 relate to 
the duraluminium strip , with suf fix 2 to the polymer i. e �  silicone 
rubber or sol ithane (50/50) and without suffix to the combined bar . 
m,m 1 and mz are the sample masses per unit length and unit width 
Fn 
kn 
where B is the bend ing stiffness of  the combined bar, (j ,t., is the 
e ffective length, Fn is the nth resonant frequency and kn is the 
(2) 
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2 8 
associated coefficient. 
The square root of  the ratio of  bending stif fness o f  the comb ined 
bar and of  the duraluminium strip alone is: 
But 
,[ii; 
1B1 /m� 
(3)  
(4) 
for ident ical conditions of  measurements of  the combined bar and the 
duraluminium strip. 
Furthermore, the ratio o f  the elastic moduli A = E2 is 
E ' 
1 
calculated from the equation 
= 1 + 2A X (2 + 3X + 2X
2) + A2 x4 , 
1 + AX 
where X is the ratio of the thickness· i.e., X = hz 
hi 
The ratio of  the internal dampings are calculated from the 
following equation : 
= -_M_ 
1 + AX 
x 2 + 6X + 4X
2 + 2Ax3 + A2x4 
1 + 2AX (2 + 3X + 2x2) + A2x4 
(5)  
(6)  
The above equation (6) is derived assuming that the loss factor 
o f  the duraluminium strip is negligible (i. e. d1 = O). From the 
equation (6), the internal damping of the polymer is calculated. 
APPENDIX II 
PROGRAM FOR COHPUTING DELAY TIME 
OF SOLITHAl'IE (50/50)  UNDER CONSTANT LOAD 
VECTOR OF ARGUMENT VALUES I S  ALEX 
VECTOR OF FUNCTION VALUES IS ANX 
THE LOAD R},TIO IS  AN = ( CRIT . LOAD/A PPL. LOAD) 2 
NUMBER OF INPUT POINTS IS NAL ,  ·nm OUTPUT IS LIFE TIME = TT 
DI ME N S I O N A L E X { 5 0 l , X { 5 C J , AN { l O ) . T C 5 0 } , AN X { 5 C ) , NN ( l O J  
WR I T E t 1 2., 1 )  
1,,;R I T E: t  1 2 , 2 )  
l F CRMAf ( j 5h LCACRA T IO N 
2 fORr-� AT ( l hO ) 
l= l 
20 iFOR MAT ( 7 1 2 )  
2 1  F GR � A T ( 1 3 F 6 . 3 ) 
2 2  f 0R M A T ( 7F4 � 2 J  
R E A J ( l l , 2 2 } ( A N ( l ) , I = l , 7 )  
'R E A D ( l l , 20 J  ( NN C I  l , l = l , 7 ) 
2 3  NAL = l\.'H L )  
R EA O { l l , 2 l } ( AL E X t l l , I= l , NA L ) 
REA D ( l l , 2 l ) f tN X t I J , I = l , NAL ) 
lF { M.,, ( L ) } 4 , 8 , 4  
4 DC 3 I = l , NAL  
3 X ( ! ) =AN ( L l /AN X ( I )  
CA L L  F Q T F G { X , A L E X , T , NAL ) 
T T = T ( NAL l 
6 �R I T E ( 1 2 , 7 ) AN ( L l , T T 
7 FORM A T ( l H , 7X t f 5 . 2 , 7X , F7 � 4 )  
l= L & l 
GO T C  2 3  
8 S T CP  
END 
SUB KCU T I NE FQTFG { X , A L E X , T , NAL ). 
O H' E � S I CN X l 50 ) , .A L E X ( 5 C )  ,T t 5 0 )  
SUM 2 =0 .  
l f ( N AL- 1 ) 4 . 3 , 1 
l 00 2 1 = 2 , NAl 
L I F E T I �E T )  
SIJ� l = S UM2  
SUM2 =SUM2 t0 . 5 * ( X t I ) -X ( l - l ) ) * t A LE X ( l ) �ALE X t 1 - l } }  
2 T ( I - U = SUX l 
3 T { NA L } = S U M 2  
4 R E T U R N  
END 
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APPENDIX III 
PROGRAM FOR CRACK MOTION UNDER- CO�STANT LOAD 
VEC TOR OF ARGUMENT VALl1ES IS ALEX 
VECTOR OF' FUNCTION VALUES IS ANX 
THE LOAD RATIO IS AN = (CRIT . LOAD/ APPL . LOAD) 2 
NUMBER OF INPUT POINTS IS  NAL, THE OUTPUT IS TIME = T T  
O I �ENS l CN �L E X ( 5 C ) , X ( 5 C ) , T { SO J , AN X { 5 C ) , � N [ l 0 )  
·w ,U T E ( 1 2 , 1 )  
�R I T E  t 1 2 , 2 )  
1 F OR�AT ( 2 7H VAL UE  Of  X T I M E  T )  
2 FCRr-i AT  { l H O ) 
L= l 
2 0  FOR. r1 AT { 5 I 2 )  
2 1  FCR � � T t l 3F 6 . 3 )  
AN= 4 . 0  
RE AD ( i l 1 2 0 )  U�N t I ) ,  1 =  1 ,  5 )  
2 3  NA L =: !\ i-..; ( L )  
REA O ( l l , 2 l ) t A L E X l l ) , I = l , N A l ) 
REA C ! l l , � l ) I A N X ( I ) , l = l , NLL ) 
l f { A r,- l ) 4 ,  8 , t,. 
4 DO 3 I = l , NAL  
J X {  I ) =A N / MJX l I l 
9 � R I T E t l 2 , 1 C ) X ( l l  
1 0  F U P. M A T ( l H  , 7 i: , F 5 . 2 l  
CA L L  F Q T F G t x , A LE X , T , NA L ) 
T T =T UAL } 
6 \..R I T E ' 1 2 , 7 H T 
1 FOR M A T { l H , 1 9 X , F 7 .4 ) 
L= L &  1 
GC T O  2 3  
8 S T O P  
ENO 
SUBRCU T I N E F QT F G ( X , AL E X , T , N A L }  
D ! � c � S I ON X ( � O ) , A L E X ( 50 } , T ( 5 0 )  
SUM 2 = 0 . 
I f  t N AL- 1 ) 4 ,  3 ,  l 
l DO 2 1 = 2 , NAL 
SUM 1 = $U r-'. 2  
SUM 2 = 5 U �2 & 0 .  5 � I x { I ) -X ( I - 1  ) ) � ( t. L E X I I ) f: A L E X ( I - 1  ) ) 
2 1 ( I- l ) = S UM 1  
3 T t NA L ) = SUM2 
4 RETURN 
ENO 
30 
APPENDIX IV 
The life time or delay time of a polymer is given by the 
following formula 
31  
1 - 1 I '-Ji· (n x) dx . (3 . 3.6) 
a 
From the experimental observations the true li fe time of the polymer 
is obtai ned under different constant loads (Fig . 2 1) . The life time, 
thus obtained , must satisfy the equation mentioned above (3 . 3 . 6) . 
Using the experimental data (F ig. 20) as inpu t the l i fe time of . 
the polymer is also obtained from the IBM program mentioned in 
Appendix II . The li fe time , thus obtained, through the IBM program ,  
is only the area under the curve (Fig . 22) which is given as 
r iµ-
1 (n/x) dx . 
J l  
Taking Log 10 on equation (�. 3 . 6) 
Log 10t** Log10 CT. 
we get, 
.,- 1 (n/x)d,J - loglO a · 
From equation ( 1) it is observed that the actual life time 
(1) 
curve , plotted under LoglO scale , would shift through Log 10 
a from the 
I BM program curve plotted under the same scale. From the Fig .  23 
the ac tual value of a is ca lculated . The inherent opening distance 
A. is ca lculated from the relation 
_ A  
- Po ' 
where Ra is the initia l length of the crack . 
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L 
in inch 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
TABLE 1 
Experimenta l results from creep curve of solithane ( 50/50) 
A p t J (t) 
in sq. inch in lbs. in seconds in in2/lbs 
0 . 05 0. 23 0.0 1. 505 X 10-ti 
0 .05 0. 23 0. 1 2.41  X 10-4 
0. 05 0. 23 0. 2 3 . 02 X 10-4 
0. 05 0. 23 0. 4 3.6 2 X 10-4 
0. 05 0 . 23 0.6 3. 95  X 10-4 
0.05 0. 2 3 0. 8 4. 16 X 10-4 
0. 05 0. 23 1. 0 4. 16 X 10-4 
0.05 0. 23 2. 0  4. 19 X 10-4 
0. 05 0 . 23 4. 0 4. 19 X 10-4 
0.05 0 . 23 6 .0 4. 2 2  X 10-4 
0. 05 0. 23 8. 0 4. 2 2  X 10-4 
0 .05 0 . 23 10. 0 4. 22 X 10-4 
1jJ( t) 
1.00 
1.60 
2 . 00 
2 . 40 
2.62 
2. 76 
2. 76 
2. 78 
2 . 78 
2. 80 
2. 80 
w 
2. 80 w 
ml 
in gms/ in2 
1. 070 
1. 070 
1. 070 
1. 070 
1 . 070 
1 . 070 
l . 070 
1. 070 
1. 070 
1 . 070 
TABLE 2 
Experimental results for internal damping in solithnne (50/50) 
m2 
. 
I .  2 1.n gms 1.n 
1. 644 
1 . 644 
1. 644 
1. 644 
1. 644 
1. 644 
1. 644 
1 . 644 
1. 644 
1. 644 
fn 
in cyc les /sec . 
22 . 4  
2 7  . 4  
35 . 6  
48 . 4  
143 . 8  
. 178 . 1 
230. 2 
312. 0 
403. 9 
509 . 1  
fnl 
in cyc les/se c. 
33 . 6  
42. 3 
53. 7  
7 1. 5  
2 14 . 0  
270. 0  
350 . 8  
4 72 . 0  
6 1 1. 4  
756. 6 
fn/ fn1 
0. 666  
0. 6!}8 
0. 663 
0 . 67 7  
0. 672  
0. 660 
0. 65 7 
0. 6 6 1  
0 . 6 62 
0 . 674 
l,.) 
+" 
TABLE 3 
Experimental res ults  for internal damping in solithane (50/50) 
B/m .. 1 mz B/B 
Frequ ency � r�--r-
(in cyc les./ s ec . )  t;:/fiim1 + "l 
1 
22. 4 0. 666 1. 5 928 1. 06 10 
27 . t� 0 .  6Li.8 1 . 5 928 1. 0320 
35. 6 0. 663 1. 5928 1. 0530 
48 . 4  0. 677 1. 5 928 1. 0790 
143 . 8  0. 672 1. 5 928 1. 0710 
178. 1 0 . 660 1. 5928 1.  05 10 
230 . 2  0. 657 1. 5 92 8  1. 0480 
3 12. 0 0 . 66 1  1. 5928 1 . 0540 
403 . 9  0 . 662 J.. 5 928 1. 0545 
509. 1 0. 674 1. 5 928 1. 0750 
x = hz 
h 1 A d/dz d 
5 1. 8 9  X 10-4 0. 1 1 10 0 . 0 13  
5 0. 98 X 10-4 0. 0600 0. 007 
5 1. 63 X 10-4 0 . 0970 0 . 012  
5 2 . 47 X 10-4 0. 1400 0. 02 1 
5 2 .  2 1  X 10-4 0 . 1270 0. 033 
5 1.58  X 10-4 0. 0940 0. 035 
5 1 .47 X 10-4 0 . 0880 0 . 043 
5 1. 66 X 10-4 0. 0980 0 . 056 
5 L 6 1  x 10-4 0. 0985 0 . 056 
5 2. 34 X 10-4 0. 1330 0. 065 
dz 
0. 1 17 
0. 1 17 
0. 124 
0. 150 
0. 260 
0. 372 
0. 488 
0. 572 
0. 569  
0 . 488 
w 
ln 
Ro 
in in.ch 
0. 225 
0. 240 
0. 250 
0. 225 
0. 200 
0. 226 
0.211 
0.215 
0. 240 
TABLE 4 
Experimental results from the test on delayed fracture for sol ithane (50/50) 
t-,"dc We n-1 =
�
li ) 
log10t,'d( o c r i. t . / 
in lbs. in secs. in lbs. 
11 . 92 3 0. 477  13 0. 842 
10. 92 10 1. 000 13 0. 705 
9. 72  14 1. 146 13 0. 558 
7.42 7 7  1. 886 13 0. 326 
6. 42 171 2.233 13 0. 244 
5. 42 6 7 9  2. 832 13 0. 174 
4 . 22 155 7 3. 192 13 0. 106 
3. 72  10900 4. 037 13 0.083 
3. 22 1 9217 4.284 13 0. 061 
2 
w 
()\ 
n 
1 . 25 
1. 50 
1 .  75 
2. 00 
2 . 25 
2. 50 
2. 80 
TABLE ,­:J 
Resu lts on delayed fracture of So litha ne (50/50) 
using IBM Program (Appendix II) 
t.,'<�'� n- 1 
0. 0053 0. 800 
0.0 189 0. 667 
0. 0395 0. 572 
0. 069 1 0. 500 
0. 1095 0. 445 
0. 1640 0. 400 
0. 2904 0. 357 
loglOt')h'c 
-2. 2757 
- 1. 7235 
- 1. 4034 
- 1. 1605 
-o . 9606 
-:9 ... .7 85 2 
-0. 53 70 
w 
-..J 
L 
in i nch 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
TABLE 6 
Experime_ntal re s u l t s  from creep curve o f  s i l ic one rubber 
A p t J ( t) 
2 
i n  s q . inch in  lbs . i n  s ec onds in i. n / l b s . 
0 . 078 0 . 2 3 0 . 0  1 . 4 15 X 10-4 
0. 078 0 . 23 0 . 5  2 . 260 X 10-4 
0 . 078 0 . 23 1. 0 2 . 5 90 X 10-4 
0 . 07 8  0 . 23 1 . 4 2 . 680 X 10-4 
0 . 078  0 . 2 3 2 . 0 2 . 700 X 10-4 
0 . 078 ' 0. 23  3 . 0  2. 830 X 10-4 
0 . 078  0 . 23 5. 0 2 . 850  X 10-4 
0 . 078  0 . 23 10. 0 2. 880 X 10-4 
0 . 07 8  0 . 2 3 15 . 0  2 . 900 X 10-4 
0. 078 0 . 2 3 20 . 0  2. 920 X 10-4 
0. 078 0. 23  30 . 0  3. 050  X 10-4 
0 . 078 0 . 2 3  50 . 0  3. 120 X 10-4 . 
1jJ ( t) 
1 . 00 
1 . 60 
1 . 83 
1. 89  
1 .  9 1  
2 . 00 
2 . 02 
2 . 03 
2 . 05 
2 . 06 
2. 16 
2 . 20 
m1 
in gms . /in2 
1. 070 
1.070 
1. 070 
1 . 070 
1. 070 
1 . 070 
1. 070 
1 . 070 
1 . 070 
1. 070 
TABLE 7 
Experimental  resu lts for internal damping in silicone rubber 
m2 
. 
1 · 2 in gms. in 
1 . 538 
1. 5 38 
1 . 538 
1 . 538 
1.538 
1 . 538 
1 . 538 
1 . 538 
1 . 538 
1 . 538 
fn 
in cyc les/sec . 
28 .6  
37. 7 
49 . 2 
140 . 4  
178 . 1  
233 .4  
309.0 
396 ; 3  
502. 8 
6 5 9. 4 
fn1 
in cyc les/sec. 
42. 5 
55 .4  
72 . 3  
215. 7 
270 . 0  
351 . 2 
475. 6 
611 . 4  
773. 0 
1006.5 
fn/ fn1 
0. 673 
0. 680 
0 . 680 
0 . 653 
0 . 65 9  
0. 664 
0. 649 
0 . 650 
0. 650 
0. 655  
w 
I.O 
Frequency in 
cycles/sec. 
2 8 . 6  
37 . 7  
4 9. 2  
140. 4 
178. l 
233. 4 
309. 0 
396. 3 
502 . 8  
65 9. 4 
TABLE 8 
Experimental  results for internal damping in silicone rubber 
� R F� 
h A d/d2 �1 - x ::: _i 
ml h1 
0. 673 1. 56 1 . 050 4 2. 80 X 10-4 0. 0913 
0. 680 1 . 5 6  1. 042 4 3. 45 X 10-4 0. l lOO 
0. 680 1. 56  1. 061 4 3 . 45 X 10-4 O. l lOO 
0. 653 1. 5 6  1. 023 4 1 . 2 7 X 10-4 0. 0436 
0. 65 9 1. 56  1. 02 9 4 1. 61 X 10-4 0 . 0546 
0. 664 1. 56  1 . 036 4 2. 00 X 10-4 0. 0670 
0. 649 1 . 5 6 1. 014 4 0. 72 X l0-4 0. 0225 
0. 648 1 . 5 6  1 . 0 l l  4 0. 60 X 10-4 0. 0210 
0. 650 1 . 56 1. 015 4 0.82 X 10-4 0 . 0280 
0 . 655  1. 5 6  1. 022 4 1 . 20 X 10-4 0 . 0413 
d 
0. 0070 
0. 0101 
0 . 0081 
0. 0106 
0 .  0077 
0. 0096 
0. 0097  
0. 0088 
0. 0089 
0 . 0087 
l ''2 
0. 077  
0 . 092 
0 .  071+ 
0. 243 
0. 141 
0. 143 
0. 431 
0. 419 
0 . 318 
0 . 210 
� 
0 
LIST OF FIGURES 
Page 
1 .  Viscoelastic model . · ,. . . . . . . . . . . . .. . . . . 44 
2 .  Creep response o f  the viscoelastic model under constant 
load · · · · · · · • . . • • • 45 
3. Vector diagrams and crack configuration 
4. Variation of loss factor of the model under periodic 
46 
load · · • · · 47 
5. Experimental set up for the creep test 48 
6 .  Linearity, recovery and creep response curves for 
soli thane (50/50) · · · · · . · . . 49 
7. Creep compliance, normalized  creep compliance vs. time 
of solithane (50/5 0) · · · · · · · · · · · . 5 0  
8. Reduction of creep data of solithane (50/50) for the 
construction of retardation spectrum · · • . . . 51 
9.  Reduction of creep data into retardation spectrum for 
solithane (50/5 0) • • • · • · · · · • • . . 52  
10.  Experimental set up for delayed fracture 5 3  
11. Experimental set up for vibration test 53  
12. Frequency response curves of  solithane (50/5 0) glued 
with duraluminium strip. · • • · · · · · • · • . . . 54 
13. Frequency response curves of solithane (50/50) glued 
with duraluminium strip. · · · · · . . • . . . . . . 5 5  
14 . Frequency response curves of solithane (50/5 0) glued 
with duraluminium strip. · · · · · • . • . . . . 5 6  
15. Frequen;:y response curves of solithane (50/5 0) glued 
with duraluminium strip • . . . • , • . . 57 
16 �  Frequency response curves of solithane (50/50) glued 
with duraluminium strip . . • . . 5 8  
17. Comparison of theoretical and experimental curves to show 
the similarity in . variation nf loss factor with different 
frequencies of solithane (50/50) · , • · • • • . . . . . . 5 9  
41 
Page 
18. Creep rupture in  solithane (50 / 50) under constant load. 60 
19. Creep rupture in solithane (50/50) under constant load. 61 
20 . Creep rupture in solithane (50 /50) under constant loa d. 62 
2 1 . Loa d vs. Log10t** of so litha ne {50 /50) 63 
22 . Reduction of the experimental creep data to determine 
the life time (using IBM program) . . 64 
23 . Comparison of IBM program a nd experimental curves on  
delay time of solithane (50 /50) . . . 65 
24. Comparison of the delay time curve of the model using 
IBM program (App . II) and the theoretical curve for 
25 . 
26 .  
the same value of fo . . . . . • . , . . , . . . 66 
Comparison of the experimental curve on delay time of 
solitha ne (50 /50) using IBM program (App. II) a nd the 
theoretical curve . . . . . . . . . . . 67 
Curves showing the crack motion with different values 
of n for the model using I BM  program (App. III) . 68 
27 . Comparison cf the crack motion curve of the theoretical 
mode l and the theoretical curve for the same value 
of n · · · · 69 
28 . Linearity , recovery and creep response curves for 
silicone rubber · · · · · · · · · • 70 
29. Creep co�plia nce vs . time of si licone rubber 71 
30. Normalized creep compliance vs . time of silicone 
rubber · · • · · • · . . . . . 72 
3 1 .  Reduction of �reep data of silicone rubber for the 
construction of retarda tion spectrum . . . . . . 73 
32. Reduction of creep data into retardation spectrum for 
33 . 
34 . 
35 . 
silicone rubber . . . • . . . . . . . . 74 
Frequency respon3e curves of silicone rubber glued with 
duraluminium strip . . . . . . . . . . . 75 
Fre quency response curves of silicone rubber glued with 
duraluminiu'Il strip . . . . . . . . . 76 
Frequency response curves of si licone rubber glued with 
duralumini.;m strip . . . . . . . . . . . . . . 77  
42  
36 . Frequency response curves of silicone rubber glued 
with duraluminium strip . . . . . . . . . . . 
37 . Frequency response curves of silicone rubber glued 
with duraluminium strip . . . . . . . . . . . . 
38. Frequency response curves of silicone rubber glued 
with duraluminium strip . . . . . . . . 
39. Comparison of theoretical and experimental curves 
to show the similarity in variation of loss factor 
with different frequencies of silicone rubber . . .  
43 
Page 
78 
'l9 
80 
81 
(a) 
(b)  
E1 
A 
E1 
I "'"---1 
E
z 
B 
E2 
B 
c 
Tl 
2 
c 
n2 
Fig . 1 ,  Viscoelastic model , 
) /'\. . /""\. ,...... VVC.I' 
.i:,,. 
.i:,,. 
....-,. 
.µ 
" 
Q) u c: 
Ctj 
•r-1 
,-1 
p. 
() 
p. 
Q) 
(!) 
1-l 
() 
"d 
Q) 
N 
•r-1 
,-1 
s r 1jJ (t) = 1 + ID. (1 - e - t/ -r 2) 
Ez 
, 
!!. = 5 . 1  Ez 
6 
I / 
4 
2 
1 
2 4 6 8 10 
Non-Dimens ional Time, t/ ,: 2 
Fig .  2 .  Creep response of the viscoelas tic model under constant load . 
e: z  � 
12 
� 
El 
14 
1 ..L 1 n2 
.p. 
VI 
E* (i  w) = E ' ( w) + iE" (  w) Y* ( iw ) = Y ' ( w) - iY" (  w) 
E ' ( w) 
Fig. 3b. 
Fig . 3a . 
Y ' ( ,,) 
E " (  w) "'-. I Y" (  w) 
O o 
e: 0 
Fig . 3c. 
a 
c::::> 
2 
a 
Fig . 3d. Crack configuration � 
(j'I 
1 . 6  
1 . 4 
1 . 2  
1 . 0  
c:3 
I c: 
rd 0. 8 E-l 
"' 
0 
.u u 
rd 0 . 6 "-I 
C/J 
UJ 
0 
....:l 
0 . 4  
0. 2 
Tan a. = 8 R 
1 + 8 +� 
8 =  10 
I / I � 8 = 5 I I 
2 2 . 5  3. 35 4 6 8 
Max . , Max . R = WT 2 
Fig . 4 .  Variation  o f  loss fac tor under period ic load ing condition  o f  the mode l .  
10 
� ..... 
4 8  
Fig . 5 .  Exper ime ntal s et u p  for the c r e e p  t es t .  
s:: 
•.-! 
s:: 
0 (/J 
:a ] 
ct! (,) 
bO c: c: •.-! 
0 
.-l 
i:,-.:i 
s:: 
•.-! 
s:: 
0 (/J 
•.-! (!) .w ..c: 
(\j (,) 
bO i:l r:: •14 
0 ,...., 
µ:J 
c: 
•.-l 
c: 
0 (/J 
•.-! .(]) .w ..c 
td (,) 
bO c: c:: ·14 
0 
,--4 
r:x:i 
I .
S
t 1 . 0  
0 . 5  
0 
1 . 0  
0. 5 
0 
1 . 0  
0 . 5  
0 . 25 lb . 
0 . 23 lb. 
2 4 6 8 10 12 
Time in seconds 
Fig. 6a.  Linearity test for solithane (50/50) .  
2 4 6 8 10 12 
Time in seconds 
Fig. 6b . Creep and recovery curve o f  solithane (50/50) .  
0 . 27 lb .  
L___ ____ _ 
14 16 
14 16 
1-...���_._����'--���-'-���--'�-���·l-· ���__.���---'-���---.� 
0 2 4 6 8 
Time in seconds 
10 12 14 16 
Fig . 6c. Creep response of solitha ne (50 /50) under constant load . 
� 
ID 
4 . 0xlO­
,z;- in2 / lb . ....,. 
....., 
ft 
Q) 
u 
t: 
ctl 
•..4 
,-! 
0., -s 2 . 0xlO 
0 
u 
0., 
(I) 
Q) 
l-1  
3.0 
.......... 
.w ....,. 
-,3-
ft 
(!) 
u 
t: 
Cl! 
•..4 
,-! 
0., s 
0 
u 
0., 
Q) 
1 .  Q) l-1 
u 
'Cl 
Q) 
N 
•r4 
,-! 
1,..1 
0 
z 
0 
2 4 6 
Time in seconds 
Fig. 7a. Creep compliance vs. time of solithane (50/50). 
2 
����������_________l 
4 6 
Time in seconds 
Fig. 7b . Normalized creep compliance vs . time of solithane (50/50) 
J
0 
= 1. 505 X 10-4 in2 / lb .  
J00 = 4. 22 X 10-4 in2 / lb. 
IJ1 
0 
,,...... 
,µ 
""-./ 
', .. 
•t-1 
,-.f 
(I) 
(I) 
-4 
5 . 0xlO 
in2/lb 
-4 
4 . 0xlO 
-4 
3 . 0xlO 
-4 
2 . 0xlO 
-4 1 . 0xlO 
0 -4 . 0  -3 . 0  -2 . 0  -1 . 0  o . o  1 . 0  2 . 0  
Qnt 
Fig .  8 .  Reduction of creep data of solithane (50/50) f or the construction of retardation 
spectrum . \JI 
I-' 
-
r' 
c:: � 
-4 
l . 5xl0 
in2 / lb .  
-4 
1 . 0xlO 
........ -4 ....:i 0 . 5x10 
-4.0 -3.0 
T = 0. 37 secs , 2 
- 2 . 0  - 1 . 0  
�n rr T 2 Max . 
0 1 . 0  
Fig. 9 .  Reduction of creep data into retardation spectrum for solithane (50/50). 
VI "' 
5 3  
Fig . 10 . Exper imental s e t  u p  for de layed frac ture . 
0 • 
a 
0 9 0 a -� 
a •  (I 
Fig . 11 . Experimental  s e t  up for vi brat i on t e s t . 
•.-l 
0 . 0 16'- 0 .  16 
0 . 012L 0 . 12! 
Resonant frequency = 22. 4 sec . - l 
Resonant frequency = 143 . 8 sec . - 1 
0 . 008 
0 . 004L 0 . 0  
0 . 0  0.0 
20 22 24 
' 
I 
I 
I I 
7r' 
125 135 
Frequency (c. p . s) 
145 
"'* 
155 165 
Fig . 12. Frequency response curves of solithane (50/50) glued with dura luminium strip . 
VI 
.r:,.. 
(1) 
"'O 
:, 
.w 
•r-l 
,-I 
p.. 
� 
0.008 L O . 32 
0 . 006 l 0 . 24 
0.004 0 . 16 
o . 002 L o . o  
0.0 
0 . 0  24 2 6  
Resonant frequency = 
27.4 sec.- 1 
' 
Resonant frequency = 178 . 1 
28 r 155 165 115 185 195 
Frequency (c . p . s. )  
Fig. 13. Frequency response curves of solithane (50/5 0) glued with duraluminium strip. 
sec . - 1 
Vl 
V1 
QJ 
"Cl . ::l � 
•.-1 ...... 
p.. 
0. 2 
o. 008 IO .  l 
0.006 f(). V 
-::i: o • 004 L o.oo 
0 . 002 L 0.04 
o . o  32.  34 36  
- 1 Resonant frequency = 35.6 sec. 
I 
r. I j 
Resonant frequency = 
2 30 . 2  sec.-1 
38  V 190 2 10 2 30 250 
Frequency (c. p.s. ) 
Fig. 14. Frequency response curves of sol ithane (50/50)  glued with dura luminium s trip.  
Vl °' 
Q) 
"Cl 
...... 
.--1 
p,. 
0. 05 
o. 0016L 0 . 04 
o . 00 1
l 
o . o3 
o. ooosL 0 . 02 
O . OOOL._I o . ol 
0. 0 
0. 0 35 45 
Resonant frequency = 48 . 4 sec . - 1 
I 
Resonant frequency_1 312 . 0  sec. 
55 65 r 240 2 90 340 390 
Frequency (c. p. s . )  
Fig . 15 . Frequency response curves of solithane (50/50)  glude with duraluminium strip. IJ1 ....., 
(1) 
'cl 
::, 
.µ 
•.-I 
,-l 
0.. 
0. 0006 IO .0011 
0 .  0005 IO.OOO 9 
Resonant frequency = 403. 9 sec.- l 
Resonant frequency = 
5 09.1 sec. - 1 
l 0.0004 LO .0007 
O. 0003 D.<ID5 • 
300 350 400 
I 
J 
I 
450 480 5 00 520 540 
Frequency (c.p.s.) 
Fig . 16. Frequency response curves of solithane (50/50) glued with duraluminium strip. 
U1 
00 
'"' 
0 
.µ 
u 
Ul 
Ul 
0 
...;i 
1-1 
0 
.µ 
u 
Ill 
4-1 
I'll 
I'll 
0 
...;i 
o. 6  L (a) Theoret ical curve 
f3 = 1. 80 
0 . 4 L I � ..: ......... -.......__ Tan a. - � R  
- l+ f3 +R2 
I I I 
0 . 2  
_V I I I 6 
(b) 
Experimental curve 
0.4 
0.2 
0. 0 
I / "-... 
\ 
o
·�
.
=
o
�-'-������2�00::--�---��� 400 600 
Frequency (c . p . s.) 
f3 = 1. 80 
Fig . 17 .  Variation of loss factor with different frequencies of soli thane (50/50) . 
\J1 
\0 
1 . 0 
0 . 8  
0 . 6  L 
. 
. ...., 
c: 0 . 4  . ...., 
� 
� 0 . 2 
0 
0 
3"  
t. 5 "  
0. 225"  
� k­
- -B- -
I I W in lbs • 
200 400 
Time in seconds 
Weight = 5 . 42 lbs .  
Delay time = 679 secs . 
600 
Fig . 18 .  Creep rupture in solithane (50/50)  under constant load. 
0-. 
0 
UJ 
(!) ..c: 
u c: 
·r-1 
c: 
•r-1 
� 
� ..c: 
.µ 
bO c: 
(!) 
.-l 
� u 
tU 
H 
0 
Weight = 4 . 22 lbs . 
1 .  o Delay time
= 155 7 secs. 
0 . 8  
r 
31• I _ �� 7 . 5 "4 =--
W in lbs . 
0 . 6  
0. 4 
0. 2 
O I I 1 I I 1 I 1 1 
0 200 400 600 800 1000 1200 1400 1600 
Time in seconds 
Fig . 19 . Creep rupture in solithane (50/50) under constant load. °' 
I-' 
0 . 81-
U) 
(I.) 
,J:l 
u 
i:: 
•r-1 
i:: 
,,-1 
� 
0 . 6  
.rt 0 . 4  
,1...1 
� 
(I.) 
.--I 
� u rd 
t 0 . 2' 
0 
0 
I 
3
1 1 1 0 • 215 I I  
I Weight
= 3.72 lbs. � k-
7 .5"...L.f-- -a--
Delay time = 10,900 secs . 
rS W in lbs. 
2000 4000 6000 8000 10 , 000 
Time in seconds 
Fig. 20. Creep rupture in s olithane (50/50) under constant load . 
12 , 000 
0\ 
N 
12 
10 
8 
2 6 
•.-1 
'd 
qj 
0 
t-1 4 
2 
0 
l 
0 2 4 
Log10t** 
Fig. 21 . Load vs . Log1ot** of solithane (50/50 ) .  
6 
Cl\ 
l,.) 
,,..... .u ::: 
OJ 
s ,..., 
1-1 
Qj 
0.. 
x 
OJ 
El 
0 
1-1 
I'.,:,, 
"-" 
cq X 
II . 
� 
� 
OJ 
g 2 
cd 
·r-l 
r-l 
p. 
s 0 u 
0.. 
OJ 
� 1 u 
"'O 
OJ 
N 
·rl 
r-l 
1-1 
0 z 
0 
0 
ljJ 
- - -
1 2 
, ,, ., 
I 
I 
- 1  
ljJ 
Time, t = _g_ . x 
n 
t** = � sl 
F (x) dx 
4 
Fig . 22. Normalized creep compliance vs. time of solithane (50/50). 
6 
0\ 
.c,. 
-3 
IBM 
program 
Sol i thane 5 0/50 
a = 10-2 . 7 
Cl. = 1 
-2 - 1  0 
1 . 0  
1,, ' 
n- 1 
o . s
'-
,, ' 
\ 
' ., 
0 . 6 � 
0 . 4  
0 . 2  
1 
log 1ot** 
Experimental 
IBM program shifted 
' 
2 3 4 
Fig . 23.  Comparison of IBM program and experimental curves on delay time of solithane (50/50).  
()\ 
ln 
Theoretical equation 
Theoretical equation used in IBM program 
-1 n I ¢ (t) = l + s (1 - e- t/ T 2) 
1 
.1td£ = ( 1+ S) T 2 ct 
[n Inn ;- (1 + S -n) in 6 J 1+ S -n 
a. = 1 ,  S = 5  
0 . 8  
-4 
ct = 1, S = 5 
Theoretical curve 
Theoretical ¢ =  Input 
-3 -2 - 1  0 
loglOt**/ T 2 
0 . 6  
O . Li: 
1 2 3 
Fig . 24. Comparison of the de lay time curve of the mode l using IBM program (App. II) and the 
theoretical curve for the same value of 
°' °' 
Theoretical Equation 
t*,'r 
T 2 
-5 
1 
a (l+ S )  
[dnn - ( 1 + B - i'l) Rn 
f3 J 
1+ B -n 
a = 1 , 6 = 1.80 
E s-
Theoretical 
Experimental iJ; = input 
-4 -3 - 2  - 1  
n- 1 
0 . 8  
0 . 6  
0. 2 
0 
Solithane 50/50 
B = 1 . 8  
T -2 . 37 sec . 
1 2 
loglO t�·,-1,/t 2 
Fig . 25 . Comparison of the experimental curve on delay time of solithane (50/50) using IBM 
program (App . II) and the theoretical curve . CJ\ " 
5 
4 
0 3 
-
n 
:,<: 
2 
Equation : 1/J (t) = 1+ 6  ( 1  - e- t/ 12) 
6 = 5 
Theoretical 1/J = 
n=4 
l
L JC1t 
-
0 --���--,--��������_._����--����......,.����--������ 
0 0 . 2  0 . 4  0 . 6  0 . 8  1 . 0  1 . 2  1 . 4 
tfr 2 
Fig. 26 . Curves showing the crack motion with different values of n for the model using 
IBM program (App . III) , °' 00 
0 
� 
II 
:><: 
5 
4 
3 
2 
l� 
0 
Fig. 
for 
' 
IBM 
I 
Program �, : 
crack motion / •  I 
n = 5 
Theoretical curve 
Equation : $ (t)  = 1 + S (l-e-t/T2) 
0. 2 
27 . 
S = 5 
0 . 4  
� 
Equation:  !_ = 
T 2  
{Un xS n an 
(l+S )x-n + l+ S 
+On 1+!� 
ci.=1 ,  S=S , n=S 
0. 6 0. 8 1 . 0  1. 2 
(l+S )x-n 
l+S-n 
t/T2 
Comparison of the crack motion curve of the theoretical model and the 
theoretical curve for the same value of n .  
.4 Q'\ \0 
2 
i:: 
•r-i 
0 . 25 lb. 
i:: lt O Cl) 0. 23 lb . 
•r-1 (1) 
.IJ ..C  
til r.J 
bO i:: 
i:: •r-i 
0 
rl 
µl 
L 
0 10 20  30  40  50 60 70 80 
Time in seconds 
i:: I F ig. 28a. Linearity test for silicone rubber . •r-i 
1 
l:j 
0 00 
•r-l (I) 
.iJ ..c: 
ti! r.J 
bO i:: r.: •r-1 
0 
rl 
µl I 
10 20 30 40 50 60 70 80 
Time in seconds 
i:: I Fig. 28b . Creep and recovery curve of silicone rubber , ·r-l 1 
i:: Cl) 
0 (1) 
•r-1 ..c 
.iJ CJ 
til i:: 
bO •r-1 � 
0 
rl 
µ:j 
0 10 20 30  40  50  60 70  80  
Time in seconds 
Fig .  28c . Creep response of silicone rubber under cons tant load . ',I 
0 
,,..... .w 
'-' ...., 
� 
(!j u 
Ctl 
·rt 
,....., 
p. 
u 
0.. 
(1) 
(1) 
l-< 
 � 4x10-ti- t-­in2 / lb �  -4 2 J0 = 1 . 4 15 x 10 in / lb. Joo = 3 . 12 x 10-4 in2 / lb .  3 _________.. 
2 
1 
0 5 
Time in seconds 
Fig . 29. Creep comp liance vs. time of si l icone rubber. 
10 15 
....... 
I-' 
,...._ 
,µ ......., 
-;3-
(l) 
(.) 
t1 
t\l 
•r-1 
,-I 
0.. 
0 
(.) 
0.. 
(l) 
(l) 
:,.., 
(.) 
'"O 
(l) 
N 
•r-1 
,-I 
:,.., 
0 
z 
4 
3 
2 
f- !!. 
1 
0 
Fig . 30 . 
20 10 
Time in seconds 
N ormalized creep comp liance vs . time of si licone rubber . 
30 
....... 
N 
2 .  sx10-4 
in2/lb . 
2. 0 
1 . 5 
1 . 0 ,...... 
.iJ 
'-' 
1--J 
n 
(!) 
() 
p co 
•.-l 0. 5 ,-l 
() 
0.. 
<l) 
(!) 
i... 
u 
0 
-4 -3 -2  - 1  0 1 2 3 
/n t , Time in seconds 
Fig .  3 1. Reduction of creep da ta of silicone rubber for the construction of retarda tion spectrum. 
-...J 
l.v 
l . OXl0-4 
in2 I lb . 
<'"'." 
!-' 
0. 8 
0. 6 
0 . 4  
� 0.2  
......... 
,-l 
T 2 = 0. 818 sec . 
0 '--���--'����--'-��������--'-_.._����-'-���--J'--���--L� 
0 -3 -2 - 1  -0.2 0 1 
� T 
Fig. 32 . Reduction of  creep  data . into retardation spectrum for s ilicone rubber. 
3 
-..J ..,.. 
10 
8 
Q) 
. 
Resonant frequency = 28 . 6  - 1  sec. 
-g 6 
.µ 
•.4 ....., 
p. 
El 
<l", 
4 
2 
O L--�������--.L.��������....1-���-'-����'--�������....J-�-
26  27 28 2 9  30 
Fre4uency (c . p. s . )  
Fig. 33. Frequency response curve of si licone rubber g lued with dura luminium s trip . 
" 
lJ1 
(!) 
'U 
::, .w 
•.-l 
..-l 
0.. 
s � 
8 
Resonant frequency = 37.7 sec . -1 
0. 12L0.6  L 6 Resonant frequency = 233.4 sec. - 1  
Resonant frequenc1 = 65 9.4 sec . -
0. 08�0.4 � 4 
o . o4 lo.2 l 2 l t I I I I 
I 
0 
I 
0 
t I 
I I 
: I 
I I • •  , , 
I 
I 
I I 
1 1  
0 35 
- I I �) I I I I I I 1 1  1 1  I � I I I I 
� 225 230 235 240 650 655 660 665 
Frequency (c.p.s.) 
Fig . 34. Frequency response curves of si l icone rubber glued with duialuminium strip. 
...... 
O'\ 
6 
5 
� 4 ::l .w 
•r-1 
,-j 
A, 
s 
<t:; 
3 
2 
1 
0 
l 
- 1  Resonant frequency = 49. 2  sec . 
I 
. i 
- -
40 42 44 46 48 so s 2  s4 56  
Frequency (c . p . 8 . )  
Fig. 35. Frequency response c�rve of s i l icone rubber glued wi th dura luminium strip .  
..._. ..._. 
0 . 8  
Resonant frequency = 140 . 4  sec.- l 
0 . 6  
I 
0 . 20 
Q) 0 . 16 l- 0.4 Resonant frequency = 396.3 
•.-l � 
0. s 0 . 12 
<t; 
0.08 l 0 . 2  
0 . 04 
0 
125 135 145 155 
Frequency (c.p . s . ) 
I 
I 
I 
I 
I 
I 
I 1 _1_ ___ _ 
380 390 400 4 10 
Fig. 36. Frequency response curves of silic one rubber glued wi th duraluminium strip. 
- 1 sec 
....... 
(JO 
(l) 
'd 
::l .w 
•r-1 
,-! 
1. 0 i0.2 0  
0. 8 19.1 
0 . 6 �0. 12 
Resonant frequency = 178.1 sec. -1 
Resonant frequency = 502. 8 
� 0 . 4  
<el 
0 . 2 
0. 1  0 1  I I I I I (( I I II I I 
r 490 4 95 500 505 5 10 175 180 185 
Frequency (c. p. s. )  
Fig .  37. Frequency response curves of silicone rubber glued with duraluminium strip. 
-1 sec. 
...... 
\0 
0 . 5  
0 . 4  
0 . 3  
.w . ...., 
,-l 
0 . 2  
0 . 1  
0 
I 
Res on�rlt frequency = 309 . 0  - 1  sec. 
. , ; . .  
2 7 0  2 80 2 90 300 310 · 320 330 340 
Frequency (c . p . s . )  
Fig . 38 . Frequency response curve of sil icone rubber glued with duraluminium strip. ()) 0 
0 . 6  
"ON O .4  
.. 1-1 0 .u 
� 0.2 
tJl 
Ul 
0 
...:i 
.. 1-1 0 .u u 
qj 
4-l 
Ul 
Ul 0 
...:i 
0 
o . 6 
r 
0 . 4  
0 . 2  L 
0 
Fig. 39. 
(a) 
The oretical curve 
2 4 6 
WT2 
(b)  
Experimenta l curve 
s = 1 . 205 
/ �---.... 
J__ 
200 400 600 800 
Frequency (c.p. s. ) 
Variation of loss factor with different frequencies of si l icone rubber. CX> 
I-' 
REFERENCES 
1. Aleksandrov, A. P. and Lazurkin, I. U. S. , Acta. Physiochim. , USSR, 
12, 647 (1 940). 
2. Alfrey , T. , "Mechanical Behavior of High Polymers , "  Appendix II, 
pp. 533, Interscience Publishers , New York, (1948). 
3. Andrews , R. D. , Ind. Eng. Chem. , 44, 707 (1 952). 
4. Bland, D. R. , "The Theory of Linear Viscoelasticity. " Pergamon 
Press, {1960). 
5. Bland, D. R . , and Lee, E .1I. , "On The Determination of a 
Viscoelastic Model for Stress Analysis of Plastics. " Journal of 
Appl. Mech. , 23, (1956) ; Trans. ASME, 78, 4 1 6  (1 956). 
6 . .  Boltzmann, L., Pogg. Ann . Physik . , 7, 624 (1876). 
7. Ferry, J. D. and Williams , M.L. , Journ. Colloid Sci. , 7, 347 
{1952) ; Journ. of Pol. Sci. , 1 1 ,  1 6 9  (1 953). 
8. Flugge , W. , "Vi scoelasticity. " :Blaisdell Publishing Company, 
(1967). 
9. Griffith, A. A. , "The Phenomena of Rupture and Flow in Solids. " 
Phil . Trans. Roy. Soc. , London , Ser. A, 22., 163 (192 1). 
1 0 .  Gross , B. , "Mathematical Structure of the Theories of 
Viscoelastic ity, Hermann, Paris, (1953). 
1 1. Halaunbrenner, J. , and Kubixz, A. , "Contact Region of a Hard Ball 
Rol l ing on a Viscoelastic Plate, " Trans ; ASME, Vol. 90,  Series F, 
No. 1, pp. 102- 103, Jan . , 1 968. 
12. Inglis, C. E . ,  Trans. Ins tn. Naval Archit. , (1913). 
13. Knauss, W. G . , "Delayed Failure - The Griffith Problem for 
Linearly Viscoelastic Materials . "  Int. Journ. of Fracture Mech. , 
6 ( 1), 7 ( 1 9 70) . 
14. Knauss, W. G. ,  "The Time - Dependent Fracture of Viscoelastic 
Materials. 1 1  Proceedings , First International Conference on 
Fracture, 2 ,  1139 (1965). 
15. Kuhn, W. , z .  Physik. Chem. , 42 , 1 (1939). 
16 . Leadermann, H. , "Elastic and Creep Properties of Filamentous 
Materials and other High Polymers. " The Textile Foundation, 
Washington , D .  C. , ( 1943). 
82 
17. Lee, E. H . , "Viscoelast ic Stress Analysis. " Proceedings First 
Symposium on Naval Structural Mechan ics , Pergamon Press, Oxford, 
En gland, 456 (1960). 
18. Lee, E. H. , "S tress Analysis in Visco - Elastic Bodies. 1 1  Quarterly 
of Applied Mathematics, 13, 183 ( 1955). 
19. Maxwe ll, J.C., Phil . Trans. Roy .  Soc. London, 157, 52 ( 1 867) ; 
Scien ti fic papers, 2(26) ; Cambridge Univers i ty Press, ( 1890) . 
20. Schappery, R.A. , and W illiams, M . L. "On The Acceleration of Cracks 
in Viscoe lastic Media. " GALCIT SM 62 - 29, Californ ia Insti tute 
of Technolgoy, Sep t , ( 1962).  
21. Schwarzl, F., and Staverman, A , J ,  Physica, 18, 791  ( 195 2) ; 
Appl. Sci. Research , A4 , 127 ( 1953) . 
22. S imha, R. , Journ. Appl. Phys. , 13, 201 ( 1942) . 
23. Sips, R . , Jovrn. of Pol. Sc i. , 5, 6 9  ( 1950). 
24 . Staverman, A. I . , and Schwartz 1, E. Die Fhysik d. Hoch - Polymer, 
Berlin - Springr, 4, 44 ( 1956). 
25. Voight, W . ,  Abhandl, Gottin gen Ges. Wiss., 36 ( 1899). 
26. Wiechert, E. , Wied. Anp. Phy3 ik, 50 (335) , 546 ( 1893).  
27 , Williams, M . L . ,  "The Frac ture of  Viscoelastic Material, Fracture 
of Sol ids . 1 1  Proceedings  of International Conference , Map le 
Valley, 19621 In terscience Publ ishers , ( 1963). 
28. Wnuk , M. P. , and Kn auss, W.G. 11Dalayed Fracture in Viscoelastic 
Plast ic Solids." GALCIT SM 68 - 8, March, (1968).  
29. Wnuk, M. P . ,  nDelayed Fracture Under Alternating Loadings . "  
Tech. Report No. 2 ,  Prepared for O. N.R., South Dakota State 
Un iversi ty ,  Aug . ,  ( 1970). 
30 _ Wnuk, M . P. ,  "Similarity Between Creep Rupture in Viscoelastic 
Sol ids and Fatigue in Hetals, 11  (Inelas t ic Fa tigue) , Tech. 
Report No. 1, prepared for ONR, SDSU, April , 1970. 
83 
